C hronic kidney disease (CKD) is a global public health problem that affects 30 million people living in the United States. 1 According to the US Renal Data System, the incident rate of end-stage renal disease is nearly 34% higher in Hispanics compared with non-Hispanics. 2 Moreover, the burden of albuminuria is higher among Hispanics/Latinos. [3] [4] [5] [6] Albuminuria is a well-established risk factor for CKD progression and cardiovascular events. [7] [8] [9] [10] In a study from the Multiethnic Study of Atherosclerosis, Hispanics were found to have a nearly 2-fold higher prevalence of albuminuria compared with whites, 5 which might be, in part, due to the higher prevalence of diabetes and obesity among Hispanics/Latinos compared with non-Hispanic whites. [11] [12] [13] [14] These health-related disparities underscore the importance of identifying potentially modifiable risk factors for early CKD among Hispanics/Latinos.
Sleep-disordered breathing encompasses a spectrum of disorders characterized by breathing pauses during sleep, the most common of which is obstructive sleep apnea. 15 Increasing evidence from epidemiologic and laboratory studies suggest that there is a significant association between sleep-disordered breathing and higher prevalence and severity of CKD risk factors, including hypertension, diabetes, and cardiovascular disease. [16] [17] [18] [19] Observational studies have shown that sleepdisordered breathing is associated with higher urine albumin excretion. 20, 21 However, the representation of Hispanic/Latinos individuals in these studies has been minimal. In a recent analysis from the HCHS/SOL, sleep-disordered breathing was found to be highly prevalent in US Hispanics/Latinos and was associated with diabetes and hypertension, 22 which are major risk factors for kidney disease. We studied the crosssectional association of sleep-disordered breathing with albuminuria in US Hispanics/Latinos.
METHODS

Study Participants
HCHS/SOL is a community-based cohort of Hispanics/ Latinos from randomly selected households in 4 US field centers (Chicago, IL; Miami, FL; Bronx, NY; San Diego, CA) with baseline examinations (2008À2011) and yearly telephone follow-up assessment. Of 39,384 individuals who were screened and selected, and who met eligibility criteria, 41.7% were enrolled, representing 16,415 persons from 9872 households. Eligibility was defined as at least 1 Hispanic/Latino household member aged 18 to 74 years. The sample design and cohort selection were previously described. 23, 24 Briefly, a stratified 2-stage area probability sample of household addresses was selected in each field center. The first sampling stage randomly selected census block groups with stratification based on Hispanic/Latino concentration and proportion of high and/or low socioeconomic status. The second sampling stage randomly selected households, with stratification, from US Postal Service registries that covered the randomly selected census block groups. Lastly, the study oversampled the 45-to 74-years age group (n ¼ 9714; 59.2%) to facilitate examination of target outcomes. Sampling weights were generated to reflect the probabilities of selection at each stage. Participants self-reported their background as Cuban, Dominican, Mexican, Puerto Rican, Central American, or South American. The category "other" was used for participants belonging to a group not listed or to those who belonged to >1 group. All HCHS/SOL participants were eligible to be included in the present study. We used information from 12,572 participants with complete data (2627 individuals did not undergo the sleep study had insufficient sleep data for analysis, or had missing sleep questionnaire data; 539 had missing urine albumin measurements; and 677 had missing covariate data) (Figure 1 ). This study was approved by the institutional review boards for the reading centers, coordinating center, and at each field center where all participants gave written consent. The study adheres to the Declaration of Helsinki.
Data Collection and Variable Definition
The baseline study examination included clinical measurements, questionnaires, and fasting venous blood and urine specimens. Demographic factors, socioeconomic status, cigarette smoking, place of birth, language of interview, and medical history were obtained using standard questionnaires administered in Spanish or English depending on the participant's language preference. Acculturation, which refers to the cultural modifications that occur as one takes on attitudes, customs, traditions, and behaviors of another culture, 25 was measured using a modified version of the Short Acculturation Scale for Hispanics. 26 Medication use, including sleeping aids, angiotensin-converting enzyme (ACE) inhibitors, and angiotensin receptor blockers (ARBs), was ascertained by conducting a scanned inventory of all currently used medications. Blood pressure (BP) was defined as the average of 3 repeat seated measurements obtained after a 5-minute rest. Hypertension was defined as systolic BP $140 mm Hg, diastolic BP $90 mm Hg, or use of antihypertensive medication. Diabetes mellitus was defined as fasting plasma glucose of $126 mg/dl, 2-hour postload 39 glucose levels of $200 mg/dl, hemoglobin A 1c level of $6.5%, or use of antidiabetic medication. The presence of cardiovascular disease was self-reported.
Sleep Variables
The main predictor for this study was the AHI, which is defined as the number of respiratory events per hour of sleep, with associated desaturations of $3%. Participants were instructed on the use of a sleep apnea monitor for overnight recording (Apnea Risk Evaluation System [ARES] Unicorder 5.2; B-Alert, Carlsbad, CA). 27 This self-applied device measures airflow using the following: a nasal pressure cannula and transducer; hemoglobin oxygen saturation and pulse rate using finger pulse oximetry; head movement and position via accelerometers; and a microphone to record snoring levels. The ARES device does not include electroencephalography; therefore, the sleep time used to calculate AHI was estimated rather than measured. Sleep records were scored at a central sleep reading center. Respiratory events were identified as a $50% reduction in airflow lasting $10 seconds. Overall, 84.4% of sleep studies were graded as "excellent" quality (>3.8 hours of interpretable signals), whereas 5.8% of studies were of insufficient quality for analysis (<30 minutes of recording). 22 For statistical analyses, we used AHI as a continuous variable and as a categorical variable. Three thresholds of AHI were used to define sleep apnea, AHI $5, $15, and $30, indicating minimal, moderate, and severe sleep-disordered breathing. 28 In addition, we evaluated nocturnal hypoxemia, which was expressed as the percent of time during sleep in which arterial oxygen saturation (SpO 2 ) was <90%. Daytime sleepiness was evaluated using the Epworth Sleepiness Scale. 29 Data regarding sleep duration and symptoms were self-reported using the Sleep Heart Health Study Sleep Habits Questionnaire. 30 Sleep duration was computed using self-reported bed and wake times on weekdays and weekends.
Measures of Kidney Function
Albuminuria was defined as a urine albumin-tocreatinine ratio (UACR) of $30 mg/g. Urine creatinine was measured in serum and urine on a Roche Modular P Chemistry Analyzer (Roche Diagnostics, Indianapolis, IN) using a creatinase enzymatic method. Urine albumin was measured using an immunoturbidometric method on the ProSpec nephelometric analyzer (Dade Behring GMBH, Marburg, Germany). The estimated glomerular filtration rate (eGFR) was assessed using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) creatinine-cystatin C equation. 31 Serum creatinine measurements were traced by isotope dilution mass spectrometry. Serum cystatin C was measured using a turbidimetric method on the Roche Modular P Chemistry Analyzer (Gentian AS, Moss, Norway).
Statistical Analyses
Summary statistics, prevalence estimates, b coefficients, and ORs were weighted to adjust for sampling probability and nonresponse as previously described. 16, 17 All analyses accounted for cluster sampling and the use of stratification in sample selection. Survey-specific procedures were used to compute 95% CIs to account for the 2-stage sampling design, stratification, and clustering. Age-adjusted estimates were calculated using the mean age of participants in HCHS/SOL (41 years). Multivariable survey logistic regression analyses were used to examine crosssectional associations between sleep-disordered breathing and albuminuria (UACR $30 mg/g). ORs with 95% CIs were computed, adjusting for the following variables, which were chosen based on known clinical importance in previously published literature [20] [21] [22] : Hispanic/Latino background group, age, sex, income, education, acculturation, diabetes mellitus, cardiovascular disease, systolic BP, ACE inhibitor or ARB use, body mass index (BMI), low-density lipoprotein (LDL) cholesterol, C-reactive protein, and eGFR. Regression analyses were conducted in the overall study sample, and stratified by age (18À39, 40À59, and $60 years), sex (men and women), Hispanic/Latino background group (Mexican, Puerto Rican, Dominican, Central American, South American, Cuban, and other), and diabetes status (yes or no). Effect modification was tested separately by adding an interaction term between the potential effect modifier and each AHI threshold to the fully adjusted regression model. All statistical tests were 2-sided at a significance level of 0.05. No adjustments were made for multiple comparisons. All analyses were performed using SAS version 9.2 (SAS Institute, Cary, NC). The overall age-and sex-adjusted prevalence of albuminuria (UACR $30 mg/g) was 9.1%, and it was highest among individuals with more severe sleepdisordered breathing (Figure 2) .
RESULTS
Overall
In multivariable analyses, the odds of albuminuria were higher for Hispanics/Latinos with a high AHI. increase in nocturnal hypoxemia (percent of sleep time with SpO 2 <90%) was associated with a 6% increased odds of albuminuria (OR: 1.06; 95% CI: 1.04À1.08) ( Table 2 ).
The results of analyses stratified by age, sex, Hispanic/Latino background group, and diabetes mellitus for the association of AHI ($5 vs. <5, $15 vs. <15, and $30 vs. <30) with albuminuria are depicted in Figure 3 and summarized in the Supplementary  Table S1 . These subgroup analyses resulted in similar findings as in the overall cohort. However, there was evidence of effect modification by Hispanic/Latino background group. Particularly, the association between sleep AHI $15 versus <15 and albuminuria was statistically significant in certain Hispanic/Latino background groups (Mexican, Central American, South American, and other Hispanic/Latino background) but not others (Puerto Rican, Dominican, and Cuban) (p value for interaction < 0.001).
DISCUSSION
In this large cohort of US Hispanic/Latino adults, the prevalence of sleep-disordered breathing was higher in persons with albuminuria compared with those without albuminuria. In addition, sleep-disordered breathing was independently associated with higher odds of albuminuria. Furthermore, this association varied by Hispanic/Latino background group. To the best of our knowledge, this was the largest populationbased study to evaluate the association of sleepdisordered breathing with prevalent albuminuria and the first study to assess this issue in US Hispanics/ Latinos.
There is ample evidence that indicates a greater prevalence of sleep-disordered breathing in patients with end-stage renal disease than in people with normal kidney function. [32] [33] [34] In contrast, research on sleep-disordered breathing in earlier stages of kidney disease is limited, particularly with regard to albuminuria with a preserved eGFR. To date, these studies have been conducted at single centers and have not included a significant proportion of Hispanics/ Latinos. 20, 21, 35 Faulx et al. reported that among 496 participants in the Cleveland Family Study, obstructive sleep apnea was associated with a prevalence of albuminuria (UACR 25À249 mg/d) of 20.3% in those with AHIs $30 compared with 4.7% among participants with AHIs <5. 20 The only previous populationbased study of sleep-disordered breathing in early stages of CKD (normal eGFR with albuminuria) was conducted in Switzerland in 1726 adults who underwent polysomnography at home. 36 These investigators reported a higher prevalence of severe sleep-disordered breathing among individuals with CKD stages 1 to 2. Our results reinforced and extended these findings to the US Hispanic/Latino population.
In our multivariable analyses, we found that an elevated AHI was associated with prevalent albuminuria, independent of hypertension, diabetes, and obesity. This finding suggested that sleep-disordered breathing might contribute to the excess burden of albuminuria in Hispanics/Latinos. Similar to our findings, in the Cleveland Family Study, severe obstructive sleep apnea was significantly associated with increased urine albumin excretion, even after adjusting for obesity, diabetes, and hypertension. 20 Several biological mechanisms might be responsible for the association between sleep-disordered breathing and albuminuria. 37 Specific effects of sleep-disordered breathing that might lead to albuminuria include nocturnal sympathetic activation with loss of BP dipping, vascular stiffness, and insulin resistance. [38] [39] [40] In addition, cycles of hypoxia and re-oxygenation stimulate the formation of reactive oxygen species that promote inflammation and systemic endothelial dysfunction, [41] [42] [43] all of which could have adverse effects on kidney function.
The impact of continuous positive airway pressure (CPAP) on albuminuria has not been thoroughly investigated. However, there is evidence that sleepdisordered breathing influences inflammation and endothelial function, and that treatment with CPAP may ameliorate these mediating effects. 34 Supplementary Table S1 .
albuminuria who were treated with CPAP for 6 months. A significant decrease in UACR was noted from baseline to the end of follow-up among participants with good compliance to CPAP. If future longitudinal studies find sleep-disordered breathing to be a risk factor for CKD progression, then clinical trials that assess the impact of CPAP treatment on CKD progression should be considered. We found evidence of effect modification by Hispanic/Latino background with a statistically significant association between moderate-to-severe sleep-disordered breathing and albuminuria among mainland Hispanics/Latinos (Mexican, Central, and South American) but not among Caribbean background groups (Puerto Rican, Dominican, and Cuban). Reasons for these findings are unknown. Compared with mainland Hispanics/Latinos, Caribbeans have a higher prevalence of APOL1 risk variant alleles, which is a known risk factor for albuminuria. 47 It is possible that those with the APOL1 risk variant may be at such high risk for albuminuria that the association with sleepdisordered breathing is obscured. Nevertheless, our findings underscored the heterogeneity of this population, which needs to be taken into account in designing future studies.
Our study had several strengths, including the large sample size of Hispanics/Latinos with diverse backgrounds recruited from across the US, and standardized objective measures of sleep-disordered breathing with strict quality control. Our findings should be considered with the following limitations. First, sleep was not recorded using electroencephalography; therefore, the sleep time used to calculate AHI was estimated rather than measured. This might have led to AHI underestimation. Second, the definition of albuminuria was based on single measurements of urine albumin. Third, the cross-sectional study design limited the interpretation of the results presented.
In conclusion, this study provided evidence of a strong association between sleep-disordered breathing and albuminuria, independent of hypertension, diabetes, and obesity. The direction of this association needs to be evaluated in future studies. Nevertheless, clinicians should be aware of the high prevalence and potential implications of sleep-disordered breathing in Hispanics/Latinos with kidney disease.
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